Attitudes and beliefs about antiretroviral therapy (ART) may affect sexual risk behaviors among the general population in sub-Saharan Africa. We performed a cross-sectional population-based study in Kisumu, Kenya to test this hypothesis in October 2006. A total of 1655 participants were interviewed regarding attitudes and beliefs about ART and their sexual risk behaviors. The majority of participants, (71%) men and (70%) women, had heard of ART. Of these, 20% of men and 29% of women believed ART cures HIV. Among women, an attitude that ''HIV is more controllable now that ART is available'' was associated with sex with a non-spousal partner, increased lifetime number of sexual partners as well as a younger age at sexual debut. No significant associations with this factor were found among men. The belief that ''ART cures HIV'' was associated with younger age of sexual debut among women. The same belief was associated with an increased likelihood of exchanging sex for money/gifts and decreased likelihood of condom use at last sex among men. These findings were most significant for people aged 15Á29 years. In high HIV seroprevalence populations with expanding access to ART, prevention programs must ensure their content counteracts misconceptions of ART in order to reduce high risk sexual behaviors, especially among youth.
Introduction
In Kenya approximately 1.4 million people are infected with HIV (National AIDS and STI Control Programme, July 2008). Since 2001 access to antiretroviral therapy (ART) in developing countries has moved to the forefront of the global health agenda. By the end of 2009 ART coverage in Kenya reached approximately 42Á55% of people in need (Towards universal access: Scaling up priority HIV/AIDS interventions in the health sector, 2010). As ART availability continues to increase in sub-Saharan Africa, global health organizations have recognized the importance of maintaining the gains made through HIV prevention (Bringing HIV Prevention to Scale: an urgent global priority, 2007; HIV Prevention in the Era of Expanded Treatment Access, 2004). However, there is risk that an overemphasis on treatment programs will detract from prevention efforts and lead to reduced public concern about HIV and increased HIV risk behaviors (a phenomenon termed ''risk compensation'').
Studies in the United States and Europe have characterized increases in risky sexual behavior since the introduction and scale up of ART (Gremy & Beltzer, 2004; Ostrow et al., 2002; van der Straten, Gomez, Saul, Quan, & Padian, 2000; Vanable, Ostrow, & McKirnan, 2003; Wilson & Minkoff, 2001) . A meta-analysis of the association between ART use and various measures of sexual risk behaviors found that the prevalence of unprotected sex was elevated in persons who had reduced concerns about unsafe sex given the increased availability of ART (Crepaz, Hart, & Marks, 2004) . Limited studies have evaluated the impact of attitudes and beliefs regarding ART on high risk sexual behavior in subSaharan Africa among patients enrolled in HIV care (Bateganya et al., 2005; Bunnell et al., 2006) . To our knowledge, no study has examined the relationship between attitudes and beliefs regarding ART and risky sexual behavior among a general population in sub-Saharan Africa.
We conducted a population-based survey to determine if specific ART-related attitudes and beliefs were associated with sexual risk behavior after the roll out of ART and HIV care services in Kisumu, Kenya. Informed by the Health Belief Model *Corresponding author. Email: rachel.smith@ucsf.edu Vol. 23, No. 12, December 2011 , 1668Á1675 (DiClemente & Peterson, 1994 , we theorized that lower perceived severity of HIV and greater perceived benefit of ART would decrease the degree to which HIV is appraised as a threat. This would, in turn, promote engagement in risky sexual behaviors. We hypothesized that attitudes and beliefs reflecting decreased concern about HIV since ART is available would be associated with increased high risk sexual behavior. Where significant associations of attitudes and beliefs with indices of sexual risk behavior were observed, age was examined as an effect modifier. Finally, we validated the indices of high risk sexual behavior by examining their association with HIV and herpes simplex virus (HSV)-2 seroprevalence.
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Methods
The complete study methodology is presented elsewhere (Cohen et al., 2009) . In short, 40 clusters in Kisumu were selected and the number of households in these clusters was enumerated, with total number of households in our sampling frame determined by the target sample size. Households were selected by systematic random sampling and were visited three times if no resident was home before being replaced by another household. All persons 15Á 49 who slept in the house the prior night were eligible for participation. The final study protocol, consent, and questionnaire were approved by the ethical committee of the Kenya Medical Research Institute and the Committee on Human Research at the University of California, San Francisco. Data collection took place from July to October 2006.
Survey measures
The data collection instrument, a questionnaire, was written in English and translated into Kiswahili and Dholuo. All materials for the study questionnaire were translated and back-translated to ensure accuracy. The back-translation was checked by a third person to detect any inconsistencies with amendments made to the translations as required before the instruments were finalized. Data were collected on demographic characteristics and participants responded to six items designed to quantify high risk sexual behaviors. These behaviors were operationally defined as behaviors shown in previous research to put individuals at risk for sexually transmitted infections (STIs) and HIV (Celentano et al., 2008; Chen et al., 2007; Cote et al., 2004; Lindley, Kerby, Nicholson, & Lu, 2007; Pettifor, van der Straten, Dunbar, Shiboski, & Padian, 2004; Zuma et al., 2005) . Two items of sexual risk were continuous measures: lifetime number of sex partners and age at sexual debut. Four items were categorical (yes or no) measures: exchange of gifts or money for sex in the past 12 months, sex with a non-spouse in the past 12 months, any sex partner in the past 12 months, and condom use at last sex. ART-related attitudes and beliefs were adapted from prior studies and modified to fit the local context (Ostrow et al., 2002; van der Snoek et al., 2006; Vanable et al., 2003) . For each item, participants selected one of three response options: agree, unsure, or disagree. In our previous work using both exploratory and confirmatory factor analysis (Cohen et al., 2009) we determined that these 13 variables could be summarized by two factors outlined in Table 1 : a four-item factor measuring perceptions that HIV/AIDS is more controllable since the availability of ART and a seven-item factor that measures ART-related risk compensation. Although not summarized by either of the factors, we included the belief that ''ART cures HIV/AIDS'' as a single item predictor in subsequent analyses.
Data analysis
Data analysis was restricted to those participants who answered ''Yes'' to the survey question: ''Have you heard about ART, the medicines for HIV?'' Participants who marked ''No'' or ''Not sure'' were excluded. We theorized that the associations of ARTrelated attitudes and beliefs with sexual risk taking behavior may vary as a function of gender due to the distinct social norms governing expression sexual behaviors among men and women (Shisana & Davids, 2004) . Consequently, separate logistic and linear regression analyses were conducted for men and women. First, we conducted logistic and linear regression analyses that were stratified by gender to examine whether ART-related attitudes and beliefs were associated with sexual risk taking. This model included all ART-related attitudes and beliefs (i.e., HIV is more controllable since ART, ART-related risk compensation, and ART cures HIV/AIDS) in the same regression block to examine the potentially independent effects of each. In order to facilitate the interpretation of the adjusted odds ratio (AOR) in logistic regression analyses, the composite scores for the two ART-related attitude and belief factors were transformed into z-scores (M 00, SD091). The results from the linear regression models were presented as b, the regression coefficient, and corresponding p-values to test for associations between continuous outcome and predictor variables. In order to provide an index of the magnitude of the association between ART-related attitudes and beliefs and continuous measures of sex risk, we utilized the AIDS Care 1669 non-standardized parameter estimates from the linear regression equation to calculate the predicted change in the age at sexual debut seen in Figure 1 . Second, where significant associations between ART-related attitudes and beliefs and sexual risk taking behavior were observed within a given gender, we conducted follow-up analyses to examine whether this association varied by age category (i.e., 15Á24, 25Á29, 30Á39 and 40Á49 years). In follow-up analyses ART-related attitudes and beliefs were also entered simultaneously in the same regression block.
Results
Participant characteristics
Of the 1844 persons who were contacted regarding study participation, 1655 (90%) people enrolled in the study. Fifty-six percent of the 1655 participant were between the ages of 15 and 24 years. Most participants were Luo (77%) and Christian (95%). The majority (53%) had only a primary school education (Table 2) . Twenty-five percent of women and 17% of men were HIV seropositive. Most participants (71%) had heard of ART, with no significant differences by gender (men: 71% vs. women: 70%, p 00.53). Of those who had heard of ART, 77% knew of a health facility where they could get ART. Nearly all (98%) agreed that ART prolongs life, but 23% answered ''Yes'' when asked if ''HIV/AIDS can be cured with ART,'' and 26% thought that ART had no side effects.
ART-related attitudes and beliefs and sexual risk taking among women
Increased perceptions that HIV is more controllable since the availability of ART were associated with 42% higher odds of reporting sex with a non-spouse during the past 12 months among women. However, ART-related attitudes and beliefs were not significantly associated with exchanging gifts or money for sex during the past 12 months, any sexual partners in the past 12 months, or condom use at last sex. Increases in the perception that HIV is more controllable since the availability of ART were associated with a greater lifetime number of sexual partners and Participants rated responses to each item by selecting: disagree (0); unsure (1); or agree (2). Figure 1. Predicted change in age at sexual debut as a function of the perception that HIV is more controllable (now that ART is available) stratified by the belief that ART cures HIV among women who had heard of antiretroviral therapy in Kisumu, Kenya (n 0555).
a younger age at sexual debut. A belief that ART cures HIV/AIDS was also associated with a younger age at sexual debut (Table 3) . We examined the predicted change in age at sexual debut at varying magnitudes for perceptions that HIV is more controllable since ART (92 SD) stratified by whether participants believed that ART cures HIV/AIDS. This provides an estimate of the additive effects of these ART-related attitudes and beliefs. For example, a belief that ART cures HIV/ AIDS and a score of two standard deviations above the mean on perceptions that HIV is more controllable since ART was associated with approximately a 10.9 month younger age at sexual debut. A belief that ART does not cure HIV/AIDS and a score of two standard deviations above the mean on perceptions that HIV is more controllable was independently associated with a 2.1 month younger age at sexual debut (Figure 1) . The perception of increased risk compensation because ART is available was not significantly correlated with high risk sexual behavior in women.
The association between ART-related attitudes and beliefs and risky sexual behavior was examined within different age categories. Among women 25Á29 years of age, those who believed that ART cures HIV/ AIDS had a significantly increased odds of reporting sex with a non-spouse during the past 12 months (AOR03.66, p B0.05). Among women aged 15Á24 years (b 00.17, p B 0.05) and 30Á39 years (b00.19, p B0.05) a perception that HIV is more controllable since ART was associated with an increased lifetime number of sexual partners. A belief that ART cures HIV was associated with an earlier age at sexual debut for women ages 15Á24 years (b0(0.14, p B0.05) and 30Á39 years (b0(0.28, p B 0.01). No statistically significant association between attitudes and beliefs about ART and risky sexual behavior were found for women in the 40Á49 age group.
ART-related attitudes and beliefs and sexual risk taking among men
Men who believed that ART cures HIV/AIDS had an 86% higher odds of reporting exchange of gifts or money for sex in the past 12 months, and a 60% lower odds of reporting condom use at last sex. ART-related attitudes and beliefs were not significantly associated with sex with a non-spouse in the past 12 months or number of sexual partners in the last 12 months (Table 3) .
Associations between ART-related attitudes and beliefs and exchange of gifts or money for sex during the past 12 months were examined within different age categories for men. A belief that ART cures HIV/AIDS was associated with an increased odds of exchanging gifts or money for sex among men 25Á29 years of age (AOR03.92, p B0.05). A belief that ART cures HIV/ AIDS was associated with a decreased odds of reporting condom use at last sex among men 15Á24 years of age (AOR00.30, p B0.05). No statistically significant association between attitudes and beliefs about ART and risky sexual behavior were found for men in the 30Á39 or 40Á49 age groups. 
Discussion
To our knowledge, this is one of the first populationbased studies to observe that ART related attitudes and beliefs are associated with sexual risk behavior in sub-Saharan Africa since the roll out of ART which started in 2003. Previous studies in this area were largely descriptive and assessed attitudes and beliefs about ART among HIV-positive persons and their partners or looked at sexual risk behavior as influenced by uptake of ART (Bateganya et al., 2005; Bunnell et al., 2006; Nachega et al., 2005) . The results from this study highlight attitudes and beliefs about ART, prevalent in the general population of Kisumu, are associated with behaviors that potentially place individuals at risk for contracting HIV and other STIs. In general, most participants were aware of ART and the majority had accurate information about the effectiveness of ART and how to access it. A sizeable minority had inaccurate expectations for ART. Prevention and education programs that target attitudes and beliefs about ART could address this potential driver of sexual risk taking. We also found that associations between various attitudes and beliefs about ART and the different high risk sexual behaviors varied as a function of gender. Among men, associations were present for transactional sex and lack of condom use. For women the associations were present for age at sexual debut, sex with a non-spouse in the last 12 months and lifetime number of sex partners. In Kenya, as in many cultures, it is more socially acceptable for men to have more sexual partners overall and more partners outside of marriage, while women are expected to be monogamous and married at an early age (Shisana & Davids, 2004) . Our differential findings regarding the role of ARTrelated attitudes and beliefs reflect these gender-based cultural norms which limit the extent to which women can control many aspects of their sexual behavior. In Kenya, women may have more control over their sexual behavior prior to marriage, and individuallevel factors such as ART-related attitudes and beliefs can exert an influence (i.e., age at sexual debut). However, women may have less control over their sexual behavior after marriage (e.g., condom negotiation with their primary partner), and individual-level factors such as ART-related attitudes and beliefs cannot meaningfully influence risk behavior. On the contrary, it may also be that women are less likely to disclose socially unacceptable sexual behaviors, and this could explain our differential findings as a function of gender. Young people are a group at high risk for HIV acquisition and transmission and are more likely to have become sexually active during the period in which ART became available in Kisumu. They are also more likely to have had their first sexual experiences influenced by their perception of ART, though certainly not all had their sexual debut post-ART roll out. We found that the associations between ART-related attitudes and beliefs and high risk sexual behavior we saw in the general study population were strongest among the youngest participants when we stratified the data by age. For young women having an earlier age of sexual debut and increased lifetime number of sexual partners has been shown to be strongly associated with increased HIV risk (Chen et al., 2007; Gregson et al., 2006; Pettifor et al., 2004) possibly due in part to biological factors (Moscicki, Ma, Holland, & Vermund, 2001; Moss et al., 1991) .
The most consistent correlates of high risk sexual behavior were a greater perception that HIV is more controllable now that ART is available and a belief that ART cures HIV/AIDS. While HIV may indeed be more controllable when ART is widely available, given the reality of ART access, distribution and cost in sub-Saharan Africa, this statement is an overly optimistic expectation for ART at this place and time. An expectation that ART cures HIV is a serious misconception that has the potential to derail HIV control efforts. Prevention agendas should include educational programs with an aim to reduce the spread of this misinformation and overly optimistic perceptions about ART, especially among young sexually active adults.
This study utilized a probability-based sampling methodology to evaluate the association between ART related attitudes and beliefs and high risk sexual behavior among the general population in Kisumu. This is a strength compared with other studies in the developed world which only targeted high risk groups or those receiving ART through convenience sampling methods. Limitations of our study include potential confounding from other determinants of risk. Because this is a cross-sectional study, it is also plausible that persons who engage in risky sexual behavior experience cognitive dissonance such that they are psychologically motivated to reduce their perceptions of the severity of HIV in the era of ART. It is also plausible that many of the participants had their sexual debut and/or majority of their sexual partners prior to the roll out of ART in Kisumu, confounding our study results for those metrics. However, by focusing on associations seen between perceptions of ART and high risk sexual behaviors among the youngest participants (B 25 years of age) we have tried to minimize this confounding. It is also noteworthy that the measure of ART-related attitudes and beliefs in this study utilized three response options to reduce participant burden. Despite the fact that this limited the precision of our measure of ART-related attitudes and beliefs, it was significantly associated with multiple indices of sexual risk taking. Although we did observe an association between one of the ARTrelated attitudes and beliefs with lifetime number of sexual partners, findings were not consistent when we examined the number of sexual partners in the last 12 months. Some of these lifetime sexual partnerships may have preceded the roll out of ART, especially in older participants. However, ART-related attitudes and beliefs were associated with a greater number of lifetime sexual partners among young women (15Á24 years), who were more likely to have had their sexual debut during the roll out of ART. Although this study does not provide definitive evidence that these attitudes and beliefs about ART promote risky sexual behavior, findings support the need for further longitudinal research, with improved measures, in the future.
